Abstract The paper demonstrates distribution of the content of total and available phosphorus and activity of the alkaline and acid phosphatase against the selected properties of salt-affected Mollic Gleysols. In the adequately prepared soil, the following were determined: pH, total organic carbon, the exchangeable cations (Ca, Mg, Na, K), salinity, the content of phosphorus, the activity of phosphomonoesterases. The distribution of the elements in the soil profiles was described with the value of the Distribution Index. To evaluate the availability of phosphorus, the Index of Mobility was used. The content of phosphorus varies, and it depends on physicochemical soil properties. Both the content of phosphorus available to plants and the activity of phosphatases in the profiles showed a high variation that depends both on the sampling date and on the depth. The lowest content of phosphorus was found in the profiles sampled in spring, during an intensive plant growth, while the greatest content was received in soil profiles sampled in summer. The research showed also a high variation in the time of the activity of phosphatases as well as their changes depending on the soil parameters, which was confirmed by the recorded values of the correlations between the activity of alkaline and acid phosphomonoesterases and the content of carbon, respectively, (r = 0.47, P \ 0.05) and (r = 0.62, P \ 0.05) as well as available phosphorus (r = 0.32, P \ 0.05) and (r = 0.38, P \ 0.05). A many-year seasonal salinity of soil did not decrease the activity of the phosphomonoesterases since it was mostly connected with the natural content of organic carbon.
Introduction
Phosphorus is one of the basic nutrients for plants (Condron et al. 2005) ; however, at the same time its excess in soil is responsible, e.g., for water eutrophication. Human activities can affect the biogeochemical cycling of phosphorus (Xue et al. 2013) . The characteristic of phosphorus is its low availability due to slow diffusion and high fixation in soils (Shen et al. 2011) . The phosphorus deficiency is a well-known nutrient constraint on salt-affected soils. Phosphorus occurs in organic and mineral bonds, and the content varies depending on the physicochemical soil properties (Turner et al. 2007; Lemanowicz et al. 2014) . One of the indices of changes in the content of phosphorus in soil can be the measurement of the activity of soil phosphatases, especially phosphomonoesterases that take part in the process of mineralization of organic phosphorus (Nannipieri et al. 2011; Oprica et al. 2011; Orczewska et al. 2012) . The measurement of activity of phosphomonoesterases points to the qualitative and quantitative changes in phosphorus in soil, as well as next to other enzymes, which is a good indicator of the soil pollution (Nowak et al. 2006; Rejsek et al. 2012; Krzy_ zaniak and Lemanowicz 2013) . The activity of alkaline and acid phosphatases is also affected by soil carbon, nitrogen and organic matter content, and thus it can be used as an indicator for soil fertility (Dodor and Tabatabai 2003; Nannipieri et al. 2011) .
Land degradation by salinization and sodication is a significant environmental problem (Lixia Wang et al. 2015) . Salinity is the important environmental stress factor that affects the plant growth and nutrition of plant (Moghaddas et al. 2013) . Solute salts accumulation can be due to a variety of natural and anthropogenic factors operating at a range of temporal and spatial scales . The occurrence of salt-affected soils (SAS) in Poland is connected with the impact of different natural and anthropogenic factors, of which the climate is relatively least important. In spite of some similarity to typical solonchaks and more rarely to solonetzes, these soils have very specific properties (Hulisz and Piernik 2013) . Very often those are preliminarily other soil types exposed to a seasonal or continuous effect of various sources of salinity (Hulisz et al. 2010) . Those are, for example, marine waters (Baltic coastal zone), waters in contact with Zechstein salt deposits (Central and NW Poland), waters in contact with Miocene salt deposits (Carpathian Depression, Nida Basin), soda industry wastes and brines (Central Poland), mine waters and mine-waste dumps (Upper and Lower Silesia). A specific factor that occurs in various regions of Poland and Europe is graduation towers. A constant supply of a large amount of cations and anions from the structures can, as a result, lead to permanent changes in the chemical properties of soils, making direct surroundings of the graduation towers. In fact, aerosol production is a natural process deriving from the interaction of wind stress graduation towers.
The primary objectives of present study were to determine distribution of the content of total and available phosphorus and the activities of alkaline and acid phosphatase of saltaffected Mollic Gleysols and to determine seasonal changes of the content phosphorus and the activity of phosphomonoesterase against its selected chemical properties.
Materials and methods

Study area
The research area is made up of an almost 60 ha of the Health Resort Park in Inowrocław, located in the Kujawsko-Pomorskie Province, the Inowrocław county, the commune of Inowrocław (Central Poland). The location of the Health Resort Park in Inowrocław is determined by the latitude (52°78 0 N) and longitude (18°24 0 E), with the lowland climate of moderate altitudes (Krzy_ zaniak and Lemanowicz 2013). It is one of the driest regions, with the precipitation not exceeding 480 mm, with an average temperature in May 12.3°C, in August 19.4°C, in November 3.8°C and prevailing winds from the western direction. The vegetation period takes on average 216 days per year. The soils in the research area have been classified based on the physicochemical properties, the grain-size composition and the profile structure as Mollic Gleysols (WRB 2006) . The paper describes three profiles of salt-affected Mollic Gleysols (Fig. 1) . Both in surface horizons and in the transition horizon of the profiles discussed, the sand fraction dominated (51-83 %), while the clay fraction demonstrated the tendency to the accumulation at various depths, in profile 1 in the surface horizon (19 %), and in profiles 2 and 3 in the transition horizon and the parent material (11-23 %) (Krzy_ zaniak-Sitarz 2008).
Soil analysis
Soils were sampled by major genetic horizons using hand tools. Horizons were identified and recorded, along with horizon range and profile depth. Soils were passed through a 2-mm sieve to remove coarse soil including stones and root fragments. Prior to enzyme activity analysis, soil samples were thawed at 4°C until soil enzymatic analysis was performed within 2 weeks of sampling, and soil moisture was determined after drying at 105°C for 48 h. A subset was air-dried in the laboratory and stored in closed polyethylene bags for physicochemical analysis. In the adequately prepared material, the following were determined: pH in 1 M KCl measured potentiometrically (Soil Survey LaboratoryStaff 1996) , total organic carbon (TOC) with the TOC analyser Primacs provided by Scalar, the exchangeable cations of Ca, Mg, Na, K in the extract of 1 M NH 4 Cl with pH 8.2 using the atomic absorption spectrometry and emission spectrometry applying the spectrophotometer Philips PU 9100 (PN-ISO 11260 2011), salinity with the conductometric method (EC) (Reeuwijk 2002) , and the content of total phosphorus (P TOT ) as described by Mehta et al. (1954) , by treating soil with concentrated HCl and then with 0.5 M NaOH. After mixing, the extracts were mineralized with a respective mixture of concentrated acids: nitric acid (V), perchloric acid (VII) and sulphuric acid (VI) at the ratio of 10:1:4. After mineralization, the optical density was assayed at 660 nm using Spectrophotometer Marcel Pro. The content of available phosphorus (P E-R ) was determined with the Egner-Riehm method-DL (PN-R-04023 1996), which involves the spectrophotometric measurement of the intensity of the colour of phosphorus-molybdenum blueproduced by orthophosphoric ions with molybdenum ions in the acid environment in the presence of SnCl 2 .
The activity of selected enzymes representing the class of hydrolases: alkaline phosphatase [E.C. 3.1.3.1] (AlP) and acid phosphatase [E.C. 3.1.3.2] (AcP) with the method of Tabtabai and Bremner (1969) , based on the colorimetric determination of freed substrate p-Nitrophenylphosphate (pNP) at 400 nm. after the incubation of soil with of MUB (Modified Universal Buffer) at pH 6.5 for acid phosphatase and pH 11 for alkaline phosphatase samples for 1 h at the temperature of 37°C was determined.
Statistical analysis
Based on the present results of the activity of alkaline and acid phosphatases, the enzymatic index of soil pH (AlP/ AcP) was calculated (Dick et al. 2000) .
All the assays were performed in three steps; the paper presents the arithmetic means of the results. The distribution of the elements in the soil profiles was described with the value of the distribution index (DI), calculated adequately (Kobierski and Dąbkowska-Naskręt 2012 Time index ðTIÞ ¼ the content of the element in spring the content of the element in autumn, Besides, the results of the analyses were exposed to the analysis of simple correlation (P \ 0.05) that determined the degree of the dependence between respective features. The analysis of the correlation was made using 'Statistica for Windows Pl' software (Poland).
Results and discussion
The organic matter and the concentration of respective cations in the diagnostic horizons of soils are affected by the content of organic carbon which, in the profiles discussed, ranges from 0.91 to 30.55 g ka -1 (Table 1 ). The analysis of the TOC as well as DI content confirmed the accumulation of organic carbon mostly in the humus layer in all the profiles, irrespective of the season. The DI value in most horizons fell within the range of 3 B DI B 6 (Table 4) , and so it stands for a considerable accumulation.
A constant inflow of alkaline cations in nature is reflected in the reaction and electrolytic conductivity of soils. Profile 1, due to a direct neighbourhood of the graduation Environ Earth Sci (2015 ) 74:2719 -2728 2721 tower, was clearly alkaline in nature irrespective of the sampling date or depth; unlike the reaction in the other two soil profiles. Both in profiles 2 and 3, the measurement of exchangeable acidity showed that we deal with slightly acid soils. In soil 3, the pH value in 1 M KCl ranges from 5.54 to 6.27 (Table 1) . Those pH values lower than in the earlier described profiles are connected with the distance from the graduation tower and the occurrence of hydrogen cations in the sorption complex as well. In profile 2, despite the occurrence of H ? ions in the complex, there was clearly visible an accumulation of alkaline cations in nature in the parent material horizon, which shows an increase in the reaction to alkaline. The reflection of physical and chemical processes that occur in soil, mostly the changes in the concentration of salts soluble in water, is the measurement of electrolytic conductivity (Corwin and Lesch 2005) . The EC ranged from 0.17 to 3.20 dS m -1 and was highest at the profile I (1.18-3.20 dS m -1 ) (Table 1 ). However, EC was low in most of the samples (\2 dS m -1 ) and only few higher values have [2 dS m -1 . The EC value showed an increase in that parameter with depth both in profiles 1 and 2. Profile 3 was an exception, here a decreasing tendency was observed. The results (Yu et al. 2014) showed that the salinity in topsoil was higher, indicating that the salt in subsoil moved up and accumulated in topsoil as a function of evaporation. The spatial distribution of soil salinity resulted from the comprehensive effects of anthropogenic activities and some natural factors. As compared to the parameters reported by other authors, higher EC values were found in all the three sampling periods in the samples located close to the source of salt (Strzelecka et al. 2011) . One shall note that both the size of electrolytic conductivity and the measurement of pH in 1 M KCl were taken not in the saturated extract, but in the dilution soil-water 1:5, and so one can conclude that the results are lowered and do not fully reflect the real chemical properties of the soils ( Table 2) .
The analysis of the content of respective cations in the soil profiles under study showed that, irrespective of the sampling period, calcium ions dominated. In profiles 1 and 3, Ca 2? in all the three sampling periods enriched the accumulation-humus horizon, while profile 2 showed the accumulation of calcium in the parent material horizon. Sodium came second in the composition of sorption complex. Profile 1 as well as the spring sampling of profile 3 showed the tendency to store sodium ions in the parent material horizon, whereas the soils of profile 2 as well as the soils from the summer and autumn sampling of profile 3 showed an enriched surface horizon. In this context, the general decrease of EC and Na towards the surface is probably related to the percolation of rain that ''washes'' and desalinizes the superficial horizons (Di Giuseppe et al. 2014) . The concentration of magnesium ranged from 2.94 to 19.85 mmol(?) kg -1 . Magnesium in all the horizons of the profiles under study assumed much lower values than it comes from literature data describing chemical parameters of Mollic Gleysols (Hulisz et al. 2010) . There was also an inconsiderable share of K-exchangeable in the sorption complex of the soils analysed, ranging from 1.73 to 6.08 mmol(?) kg -1 . It is difficult to determine finally the cause of such a low concentration of those two elements. The depletion of the complex with Mg 2? and K ? can be due to an increased content of Na ? in the soil solution and sorption complex, or to the elimination of magnesium, especially from the complex by calcium ions ( Table 2 ).
The total content of phosphorus in soil determines only the level of their richness, and it does not show a possibility of the uptake of that element by the plants. The content of P TOT ranged from 0.126 to 0.552 g ka -1 (Table 3 ). In the profiles studied, the accumulation of that macronutrient was at a similar level. The lowest content of total phosphorus was found in the soil profiles sampled in summer. According (Ye et al. 2014) , the content of total phosphorus in soils in spring was slightly lower than that in autumn, while available phosphorus levels in top soils in spring were obviously higher than those in autumn. The content of P TOT was decreasing deep down the soil profiles. The content of total phosphorus in deeper horizons is mostly determined by the soil type and its soil-formation processes as well as the grain-size composition. The study by Ye et al. (2014) demonstrated that profile distributions of soil P did not show a significant variability and the content of the available phosphorus mainly accumulated in upper soils.
Defining the content of available forms in soils is important due to its availability to the plants, determined by the concentration of mobile forms in soil. The content of phosphorus available to plants (P E-R ) in the profiles varied (profile 1: 3.91-126.4 mg ka -1 , profile 2: 2.82-70.23 mg ka -1 , profile 3: 20.02-96.80 mg ka -1 ) depending on the sapling date (Table 3 ). The lowest content of that nutrient was found in the profiles sampled in spring, during intensive plant growth, while the highest content in the soil profiles sampled in summer. Similar results were reported by Akmal et al. (2012) , Imo et al. (2012) . There was found a decrease in the content of P E-R in deeper genetic horizons of profiles 2 and 3 where the greatest content was noted at the 0-20 cm depth. According to PN-R-04023, (1996) , horizons 0-20 cm of the soil profiles show a very high content of available phosphorus marked with the EgnerRiehm method (DL), which classifies soil as class I. It is connected with a low mobility of that element, as compared to other nutrients (Wright 2009; Xu et al. 2012 ). In the soil of profile 1, the greatest content of available phosphorus was recorded 20-40 cm deep (Table 3) . According to Chhabra and Thakur (2000) ; Xiao et al. (2012) , the high concentration of calcium in the soil results in the precipitation of insoluble calcium phosphate compounds for a short time, which may enhance the immobilization of P in soil solutions and decrease P availability; however, in Mollic Gleysols in Inowrocław exposed to seasonal salinity, a high content of ions in the soils responsible for salinity is balanced with a high content of carbon humus, directly affecting the fertility of the soil analysed (Krzy_ zaniak and Lemanowicz 2013). The index of mobility (IM) evaluating the availability of phosphorus to plants was highest in the soil of profile 3 in all the research months (10.71-63.68 %), whereas the lowest in the horizons of profile 2 (1.831-26.88 %). There were also found seasonal changes in the IM value, which were highest in the soil profiles sampled in summer (Table 3) . Available phosphorus can be directly absorbed by plants, which mainly derives from the conversion of total phosphorus. Study Xiao et al. (2012) demonstrated that higher IM ratios in soils could promote plant growth. In this study, the index IM for the soils was much higher than the threshold of available phosphorus load (2 %) for P effectiveness and bioavailability, indicating that soil P was sufficient for plant growth. However, the results reported by Ye et al. (2014) showed the IM for soils below the threshold of P load (2 %) for P bioavailability in spring and autumn, suggesting that the conversion rate from total phosphorus to available phosphorus was relatively low and the P E-R supply for plant growth was deficient.
The distribution of nutrients in the soil profile depends on the content of organic matter, bioactivity and reaction as well as grain-size composition and anthropogenic factors (Jobbágy and Jacksonk 2001) . The distribution of the total phosphorus content (P TOT ) in the profiles can be accounted for the effect of pedogenesis since, based on the DI value for the total content of phosphorus, there was identified its moderate accumulation (DI 1.27-3.79). There was identified a clear tendency to a considerable accumulation of P TOT in horizons 0-20 cm. The value of the distribution index (DI) calculated for available phosphorus (P E-R ) in the soil fell within the range of 1.12-22.14 (Table 4) . In most genetic horizons of the profiles, there was found a moderate and considerable accumulation of that element. As for the soil profile 1 sampled in autumn, there was observed a clear tendency to the accumulation of P E-R due to the anthropogenic effect . The profile was situated in the closest vicinity of the graduation tower.
The activity of alkaline and acid phosphatase in soil profiles differed depending on the sampling date. The highest activity of alkaline (0.271-2.207 mM pNP kg -1 h -1
) and acid phosphomonoesterases (0.280-2.516 mM pNP kg
) was reported in the soil sampled in spring (Table 5) . Similar results were earlier recorded by Boerner et al. (2005) ; Sardans et al. (2006) ; Akmal et al. (2012) , which is due to a lower content of available phosphorus in soil by intensive uptake by the root system of intensively growing plants. In response, soil microorganisms and plant roots release phosphatases to soil, thus catalysing the hydrolysis of organic phosphorus compounds to the mineral ones.
The highest activity of alkaline and acid phosphatase was recorded in the 0-20-cm layer of the soil profiles sampled in spring (1.154-2.207 mM pNP kg -1 h -1 ) and autumn (1.014-1.553 mM pNP kg -1 h -1 ), while in summer in the 20-to 40-cm layer (0.647-1.283 mM pNP kg -1 h -1 ) (Table 5 ). The decreasing activity of enzymes deep down the soil profile is connected with the spatial distribution of humus and soil microorganisms together with a decreasing amount of carbon substrates available to microorganisms and enzymes. In summer, the inhibition of phosphatase in the surface layer can result from the exposure of top horizons to longer drying.
With the alkaline and acid phosphatase activity results, there was calculated the Enzymatic Index of Soil pH (AlP/ AcP) (Dick et al. 2000) . Those authors show that when the value of the ratio AlP/AcP is higher than 0.50, one can refer to neutral or alkaline soil reaction. The value of AlP/AcP of the soil profiles investigated falls within the range 0.33-1.50. In most cases, the values exceed 0.50, which in the case of the soil analysed was confirmed with the potentiometer method of pH KCl measurement, which is connected with the fact that phosphomonoesterases are the enzymes that are one of the most sensitive to pH changes (Dick et al. 2000; Dodor and Tabatabai 2003; Krzy_ zaniak and Lemanowicz 2013; Bartkowiak and Lemanowicz 2014) . The time index (TI) shows changes in the content of nutrients as well as the activity of phosphatases in soil from spring to autumn (Table 6 ). The content of the total phosphorus in soil from spring to autumn decreased (TI [ 1). The content of available phosphorus in soil profile 1 also decreased, especially in the 0-to 20-cm horizon (TI = 10.5). In the 0-to 20-cm and 20-to 40-cm horizons of profiles 2 and 3, the content of P E-R increased during research (TI \ 1). The profiles were much distant from the graduation towers, as compared to profile 1. The activity of alkaline phosphatase from spring to autumn decreased (TI [ 1), especially in the soil of profile 3 (TI 1.13-1.80).
With the analysis of correlation, there was reported a considerable dependence between the content of organic carbon and total phosphorus (r = 0.67, P \ 0.05) and available phosphorus in soil (r = 0.65, P \ 0.05) ( Table 7 ). The content of total phosphorus in profiles soil was generally dependent on the spatial heterogeneity of soil organic matter . Organic matter might have increased the solubility of phosphate in soils. The organic anions compete with phosphate ions for the binding sites on the soil particles, or these anions may chelate with aluminium, iron and calcium, and thus decrease phosphate-precipitating power of these cations (Muralidhar et al. 2005) .
It is common to observe a linear dependence between the activity of acid phosphatases and the amount of inorganic phosphorus forms released to the soil solution (Nannipieri et al. 2011) , which is confirmed by statistical analysis showing a positive significant correlation between the content of P E-R and AlP (r = 0.32, P \ 0.05) as well as AcP (r = 0.38, P \ 0.05). There was found a clear dependence between the content of organic carbon and the activity of alkaline (r = 0.47, P \ 0.05) and acid phosphomonoesterase (r = 0.62, P \ 0.05) in soil. Organic matter plays a key role as a precursor for enzyme synthesis, and in enzyme physical stabilization. According to Zhang et al. (2014) , AlP activities were always correlated with organic matter (OM) content significantly (P \ 0.05). Higher indirect path coefficients were found in OM through pH and available phosphorus towards AlP activities, indicating that the effects of soil OM exerted indirectly. According to Laudicina et al. (2009) ; (Liu et al. 2013) in natural unreclaimed soil, the stimulation of microbial activity by organic inputs from native plants and/or the selection of salt-resistant microorganisms overcomes the osmotic stress induced by soluble salts. OM served as a precursor for enzyme synthesis (increasing soil microbial biomass, which is an enzyme source) and played a vital role in the physical stabilization of the enzyme. The positive effects of organic matter on AlP activities exerted indirectly available P. According to Rietz and Haynes (2003) , the substantial AlP activities could persist even at high soil salinity and sodicity. Zahran (1997) noted that the production and activity of enzymes from the saline soil bacteria demonstrated salt requirements greater than those of the corresponding enzymes from non-saline bacteria.
There was not demonstrated a significant correlation between the salinity (EC) of Mollic Gleysols and the activity of alkaline and acid phosphatases and the content of phosphorus in soil. However, the results by Liu et al. (2013) showed that EC in the site increased and available P contents decreased. There was demonstrated a positive significant low correlation between the content of K ? , and the activity of alkaline (r = 0.42, P \ 0.05) and acid phosphatases (r = 0.38, P \ 0.05) in soil. The results reported by Banerjee et al. (2012) showed that the presence of ions Na ? , K ? , Mg 2? , and Ca 2? increased the activity of phosphatases.
Conclusions
The soils under study are Mollic Gleysols exposed to a continuous inflow of alkalising factors, which is confirmed by the domination in the composition of ions of calcium and sodium as well as pH and EC values. The hot and prolonged spring and summer temperatures can favour salt deposition and accumulation in soil. The activity of alkaline and acid phosphatases in Mollic Gleysols varied depending on the sampling date. The highest activity of phosphomonoesterases was noted in the soil sampled in spring, and then in autumn, while in summer the activity was lowest, which was connected with the transformations of the total content of phosphorus and its available form. A many-year seasonal salinity of Mollic Gleysols did not decrease the activity of the phosphomonoesterases since it was mostly connected with the natural content of carbon of organic compounds and with the factors affecting their salinity. The activity of alkaline and acid phosphatase as well as the content of phosphorus was highest in surface and sub-surface layers, and it was decreasing deep down the soil profiles. In most soil test pits, a clear effect of pedogenesis on the content of total and available phosphorus was identified, while in the profile located in the closest vicinity of the graduation tower the accumulation of available phosphorus due to the anthropogenic effect was found, which was confirmed by the results of the distribution index (DI).
